Partially-hydrogenated oils of vegetable as well as marine origin are commonly used in margarine production. Such oils contain a wide range of positional and geometrical fatty acid isomers (Herlmer & Aaes-Jargensen, 1969; Conacher et al. 1972; Ackman, 1982) and when fed to rats in relatively large doses these oils seem to intensify the symptoms of essential fatty acid (EFA) deficiency (Holman & Aaes-Jerrgensen, 1956; Aaes-Jargensen & Halmer, 1969; Jensen, 1976) . This effect has been associated with the inhibition of linoleic acid desaturation by octadecenoic acid isomers observed in vitro (Mahfouz et al. 1980) , and recently Hill et al. (1982) reported that rats given diets containing partially-hydrogenated soya-bean oil (PHSO) were found to exhibit decreased A5-and A6-desaturase activities in the liver. The content of trans fatty acids in partially-hydrogenated oils has consequently been a matter of concern in general food recommendations (Dhopeshwarkar, 1981; Kinsella et al. 1981) .
Most studies so far have been focused on the effects of C,, fatty acid isomers on the metabolism of the essential fatty acids and little is at present known about the possible effects of trans, as well as cis isomers of the very-long-chain fatty acids (20-24 carbon atoms) also present in some dietary oils.
In a previous study we observed that partially-hydrogenated marine oil (PHMO) diets, containing both 20: 1 and 22: 1 fatty acids, influenced the product:precursor values in the linoleate sequence in rat liver phospholipids (Thomassen et al. 1982) .
PHMO has also been found to give a twofold increase in the mitochondria1 4-enoyl-CoA reductase (acyl-CoA: NADP+ oxidoreductase, EC 1 .3.1.8) in rat liver (BorrebEk et al. 1980) . Moreover, we have found that PHMO and partially-hydrogenated rapeseed oil (PHRO), containing 22: 1 fatty acids, induce an extensive increase in peroxisomal chainshortening of long-chain fatty acids in the liver (Thomassen et al. 1982) . These effects may possibly have bearings on the catabolism or retroconversion of EFA in the liver, or both.
In the present study, we have investigated the effect of PHMO and PHRO diets on the content of n-6 fatty acids in liver phospholipids, compared with the effects of corresponding unhydrogenated oils (marine oil (MO) and rapeseed oil (RO)) and PHSO and unhydrogenated soya-bean oil (SO).
EXPERIMENTAL

Materials
Dietary oils, including analytical details, were obtained from DeNoFa and Lilleborg Fabriker A/S, Fredrikstad, Norway, except for the unhydrogenated rapeseed oil which was supplied by AB Karlshamns Oljefabriker, Karlshamn, Sweden. The fatty acid compositions are given in Table 1 . In the partially-hydrogenated oils there was no 18: 2 (9, 12) all cis, 18:3 (9, 12, 15) all cis or their polyunsaturated elongation derivatives as judged by gas-liquid chromatographic analysis of the fatty acid content of the oils. The isomeric distribution of 18:2 and 18:3 in the unhydrogenated oils has been thoroughly analysed; in fish oil almost 90% of 18:2 is the all cis n-6 isomer and 90% of 18:3 is the all cis n-3 isomer (Ackman, 1982) , in rapeseed oil (Ackman & Loew, 1977) and in soya-bean oil (Houtsmuller, 1978) almost 100% are of the all cis n-6 and n-3 isomers respectively. The 20: 5 and 22: 6 in fish oils are exclusively of the all cis n-3 isomers (Ackman, 1982) .
Vitamin and salt mixtures were from ICN Pharmaceuticals, Cleveland, Ohio, USA (vitamin diet fortification mixture, catalogue no. 904654; and U.S.P. XVII, catalogue no. 9046 10).
Animals and diets
Weanling male rats of the Wistar strain (body-weight approximately 60 g) were purchased from Msllegdrd breeding laboratory, Ejby, Denmark. The rats were fed on a standard pelleted diet for 5 d and then given the experimental, semi-synthetic diets for 3 weeks. The compositions of the semi-synthetic diets were (g/kg diet): sucrose, 200; maize starch, 278 (high fat) or 478 (low fat); casein (with 20 g methionine/kg), 200; cellulose, 10; vitamin mixture, 22; salt mixture, 40; dietary oil, 250 (high fat) or 50 (low fat). The high-and low-fat diets had a calculated energy density of 18.0 (4.3) and 15.9 (3.8) kJ/g (kcal/g) respectively. The rats were housed in grid-bottomed cages, two in each cage, and had free access to food and water. The climatic conditions were: 23", 60% relative humidity and a 12 h light period (07.00-19.00 hours).
Lipid extraction and gas-liquid chromatographic (GLC) analysis
The methods employed for lipid extraction and determination of fatty acid distribution in total liver phospholipids have been described previously (Thomassen et al. 1982) . GLC was performed with a non-polar (SE30) vitreous silica capillary column ; the column temperature was programmed to rise rapidly from 50 to 220" and then by a slow gradient (O.f/rnin) to 260".
Statistical analysis
Dunnett's multiple comparison test (Dunnett, 1955) was used to evaluate the significance of differences between population means; P > 0.05 was taken to be not significant.
RESULTS A N D D I S C U S S I O N
The animals in all dietary groups thrived and seemed healthy throughout the 3 week experimental period. The weight gain curves were fairly linear with no marked deviations in any animal or groups of animals (results no shown).
Reduced weight gain as compared with the SO-fed animals was, however, observed in the rats receiving RO and PHRO diets ( Table 2) . This is a well documented effect of diets containing unhydrogenated RO (Beare-Rogers, 1977) and has been ascribed to a relatively poor digestibility of this oil due to its content of erucic acid (22: 1 n-9, cis). For the RO group, the lowered food consumption (Table 2) may also have contributed to this effect. ::i 51 A slightly lower weight gain was observed also in the group given PHMO diets. This may possibly be related to the content of 22: 1 fatty acids in this oil. Feeding the different dietary oils for 3 weeks was found to have substantial effects on the relative content of n-6 fatty acids in total liver phospholipids. This is illustrated in Fig. 1 where the amounts of 18 : 2, 20 : 3 and 20 : 4 n-6 fatty acids are expressed relative to the total phospholipid fatty acids. Since all experimental groups except the ones receiving SO were nearly devoid of longer-chain n-6 metabolites (i.e. 22:4 and 22:5), these are not included.
Low levels of n-6 fatty acids were observed in all animals receiving partially-hydrogenated oils (PHSO, PHRO and PHMO), and also the unhydrogenated MO. This reflects the near absence of linoleic acid (1 8 : 2 n-6) in these diets (Table 1 ). The value of 20 : 3 n-9 : 20: 4 n-6 fatty acids, usually regarded as an index of EFA deficiency, was also determined in the liver phospholipids, and the results are presented in Table 3 . As would be expected with partially-hydrogenated oils, deficient in linoleic acid, this value had increased above the level of 0-4 which is considered as an upper limit of the range of normality (Holman, 1968) . In the animals given the unhydrogenated MO, however, this value was not increased above the level found in the SO-fed animals in spite of the low level of n-6 fatty acids both in the diet and liver phospholipids. This observation is in accordance with other reports available at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19840038 indicating that the 20:3 n-9:20:4 n-6 fatty acid value does not always reflect the status of EFA (or more precisely linoleic acid and its metabolites) in an organism (Kinsella et al. 1981) . This seems to be especially important when diets containing n-3 fatty acids are used, since members of this family are reported to prevent any significant conversion of oleic acid (18: 1 n-9) to 20:3 n-9 (Lundberg, 1980) . Fig. 1 also shows that the amounts of 18:2 n-6 fatty acid were remarkably similar in all animals receiving partially-hydrogenated oils. This may be taken as an indication that the marked increased peroxisomal chain-shortening capacity observed with the PHMO and PHRO diets (Thomassen et al. 1982) does not result in any increased degradation of this acid. The amounts of both 20:3 n-6 and 20:4 n-6 were, however, different depending on the type of partially-hydrogenated oil. The diets giving the strongest increase in peroxisomal chain-shortening (i.e. 250 g PHMO or PHRO/kg) also resulted in the lowest amount of 20: 4 n-6. Thus, it cannot be totally excluded that the reduced amount of 20: 4 n-6 in these two groups as compared with the PHSO group may, at least in part, reflect an increase in peroxisomal or mitochondria1 degradation capacity, or both. These results may also be related to the increase in 4-enoyl-CoA reductase activity found with PHMO diets (Borrebrek et al. 1980) . It has been suggested that the enzyme might play a significant role during the P-oxidation of unsaturated fatty acids containing double bond(s) at even-numbered carbon atoms (as 20:4 n-6) (Hiltunen el al. 1983).
As normally observed, the amount of 20: 3 n-6 was relatively low. The lowest level was found in the animals given PHSO, PHRO and MO (4, 5 and 5 mmol fatty acid/mol total liver phospholipids, respectively). The relative amount of this acid, as compared with the amount of 18 : 2 n-6 and 20 : 4 n-6 was, however, lowest in the animals given the high-fat SO diet and highest in the animals given the PHMO diet. This can be seen from Table 4 where the product: precursor values in the n-6 fatty acid sequence are presented. The values, in fact, illustrate that when compared with the SO-fed animals, all other dietary oils result in a decrease in the fatty acid 20:4 n-6:20:3 n-6 value. The animals given RO, MO and PHMO also revealed an increase in the 20:3 n-6: 18:2 n-6 value. With PHMO this effect was clearly established with as little as 50 g/kg in the diet. Thus, there seems to be an accumulation of 20: 3 n-6 relative to 20 : 4 n-6 in liver phospholipids after feeding all the test available at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19840038 
g dietary oil/kg.
oils compared with the results obtained after SO feeding. We have previously reported on such effects with PHMO-feeding (Thomassen et al. 1982) and the results obtained in the present study confirm this finding. The results further reveal effects on the pattern of n-6 fatty acids by other partially-hydrogenated (PHSO and PHRO) and unhydrogenated (MO and RO) oils. This is also evident from Table 4 , which shows the values for the main product 20: 4 n-6 (arachidonic acid) relative to the dietary-derived substrate 18: 2 (linoleic acid). The hydrogenated oils all seem to result in lower 20 : 4 n-6 : 18 : 2 n-6 values compared with the unhydrogenated SO diets, while unchanged or higher values were found after feeding the unhydrogenated oils.
These results demonstrate that the n-6 fatty acid pattern of liver phospholipids is strongly affected by the type of dietary oil, even after relatively short feeding periods. Many factors may be responsible for the observed effects; changes in enzyme levels and enzyme activities, competing substrates, both for the desaturation-elongation enzyme reactions and for incorporation into phospholipids, and also changes in retroconversion or degradation of the n-6 fatty acids. Evidence is, however, accumulating that different dietary oils may exert a strong influence on the desaturation-elongation systems in liver microsomes. The elongation process in this system is thought to be very rapid compared with the desaturation steps, and normally the A6-desaturation is regarded as being rate-limiting in the conversion of linoleic acid to arachidonic acid (Brenner, 1974) . The relative accumulation of 20: 3 n-6 fatty acid, however, is indicative of a sequence where the A5-desaturation step is rate-limiting which again may be due to a reduced conversion at this step, or to a stimulated conversion at the preceding A6-desaturation step.
An increased A6-desaturase activity has been observed in EFA-deficient animals (Brenner, 1981) and could possibly explain the results found in the groups given partiallyhydrogenated oils. However, Kurata & Privett (1980) found no increase in AQdesaturation activity in animals where the EFA-deficiency had been induced by diets containing trans fatty acids. Moreover, Mahfouz et al. (1980) demonstrated that A9-, 86-and A5-desaturases are inhibited by trans octadecenoic acids in vitro. Thus, an inhibition of the A5-desaturase seems to be the most likely explanation. An inhibition of A6-and A5-desaturase has also been observed in vitro after PHMO-feeding (Herlmer et al. 1982; Svensson, 1982; Kirstein et af. 1983) . Notably, these studies were conducted with diets containing an adequate amount of linoleic acid. Their findings are, therefore, in good agreement with our previous observation that the effect of PHMO feeding on the n-6 fatty acid pattern was not markedly alleviated by addition to the diet of 50 g SO/kg (Thomassen er al. 1982) . Hill er al. (1982) also reported an inhibition of A5-and A6-desaturases after feeding PHSO.
A decrease in the 20: 4 n-6: 18 : 2 n-6 value in the groups given partially-hydrogenated oils (Table 4 ) may also be indicative of an inhibited flux through the desaturation-elongation system. Our results may indicate a stronger inhibition by PHMO and PHRO than by PHSO. An explanation of this finding is not readily evident. There seems to be no direct relationship with the dietary content of very-long-chain fatty acids since the PHMO giving the greatest inhibition, as judged from our results, had a much lower content of such fatty acids (300 mmol/mol total fatty acids) than the PHRO (500 mmol/mol total fatty acids).
In the rats given the unhydrogenated RO and MO an increase in the A6-rather than an inhibition of AS-desaturase may possibly account for the observed results. This is indicated by the increased 20:4 n-6: 18: 2 n-6 value in the MO group and is in accordance with the suggestion made by Kirstein et al. (1983) that the presence of n-3 fatty acids may induce increased A6-desaturase levels as a compensation for competitive effects.
In conclusion, great changes in the pattern of n-6 fatty acids in rat liver phospholipids can be observed after relatively short feeding periods due to different dietary oils. The results are in line with reports in the literature that dietary oils containing trans fatty acids may inhibit the desaturation-elongation enzyme system. Consequently, this work contributes to the accumulating evidence that oils containing trans fatty acids may have effects on specific enzyme systems or reaction sequences, even though no untoward effects on growth, longevity or reproductive capacity have been observed so far (Duthie & Barlow, 1982; Kritchevsky, 1982; Svaar, 1982) . There were no indications in the present study of any direct relationship of the effects observed on the n-6 fatty acid pattern to the dietary content of very-longchain fatty acids. This work was supported by the Royal Norwegian Council for Scientific and Industrial Research.
